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 ABSTRACT 
In a preceding paper, we have presented a general lattice formulation of the dynamic self-
consistent field (DSCF) theory for inhomogeneous, unentangled homopolymer fluids. 
Here we apply the DSCF theory to study both transient and steady-state interfacial 
structure, flow and rheology in a sheared planar channel containing either a one-
component melt or a phase-separated, two-component blend. We focus here on the case 
that the solid-liquid and the liquid-liquid interfaces are parallel to the walls of the 
channel, and assume that the system has translational symmetry within planes parallel to 
the walls. This symmetry allows us to derive a simplified, quasi-one-dimensional (quasi-
1D) version of the DSCF evolution equations for free segment probabilities, momentum 
densities, and the ideal-chain conformation tensor. Numerical solutions of the quasi-1D 
DSCF equations are used to study both the transient evolution and the steady-state 
profiles of composition, density, velocity, chain deformation, stress, viscosity and normal 
stress within layers across the sheared channel. Good qualitative agreement is obtained 
with previously observed phenomena.  
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 I. INTRODUCTION 
Processing of thermoset plastics typically involves mixing of solid pellets, composed of 
different polymers species, and having different sizes and shapes, within rotating screw 
extruders. As they are transported by the rotating screws, the pellets are melted, and 
intense stresses are generated by momentum transfer from the rotating screws. This 
results in a distribution of liquid domains of nearly homogeneous composition that are 
suspended in, but immiscible with, a majority liquid phase at a different homogeneous 
composition. These liquid domains are separated from each other, and from the 
surrounding solid walls, by narrow, generally curved, interfacial regions with steep 
composition gradients. The intense stresses induce nonuniform viscoelastic flows 
advecting and deforming the interfacial boundaries. Local rheology of such 
inhomogeneous polymer fluids is a function of chain stretching and orientation, in 
response to nonuniform flows and to thermodynamic forces that are generated by the 
compositional inhomogeniety at the interface. The material properties of the product, 
produced by melt extrusion through a shaping dye and subsequent solidification, exhibit 
strong dependence on interfacial composition, stresses and chain conformations induced 
during melt shaping.  
Quantitative modeling of evolving interfacial structure, velocity and rheology in 
sheared, inhomogeneous polymer fluids is a challenging problem. Understanding how the 
interfacial properties are coupled dynamically to chain conformations and their 
deformation and orientation under flow is of great importance for polymer processing and 
for many other industrial and biological applications.  
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 Realistic modeling of interfacial dynamics in polymer processing is exceedingly 
complex on several counts. Polymer fluids exhibit non-Newtonian rheology and 
viscoelastic flows arising from competition between chain deformation by nonuniform 
flows and entropically driven chain relaxation. The latter is constrained by chain 
entanglements when polymer chains exceed a characteristic entanglement length, which 
is the common situation in polymer processing. Much progress was achieved in 
understanding and modeling the rheology of homogeneous unentangled and entangled 
polymer fluids improving upon the Rouse and the reptation models, respectively [1-5]. 
The assumption of homogeneous composition allows neglect of species transport. 
However, species transport plays an important role in inhomogeneous polymer fluids 
where the evolution of velocity and stress fields across narrow interfacial regions is 
coupled to the evolution of the composition field. This raises the computational cost, 
since such coupling involves disparate length and time scales. Steep variations in 
composition and velocity fields across narrow interfacial regions require spatial 
resolution on the scale of the Kuhn length. On the other hand, shape deformation and 
motion of individual domains occurs on a much larger length scale. Similarly, the 
characteristic time for viscous momentum propagation in such systems is much shorter 
than the characteristic times for diffusive transport and for chain relaxation.  
In general, the composition, velocity and stress fields during processing of immiscible 
polymer blends lack spatial symmetry, and thus require computations and analysis on 
three-dimensional grids. To reduce the computational cost barrier for validating 
quantitative models for polymer processing, it is advantageous to study simplified 
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 processes for melts and blends where the coupled evolution of composition, velocity and 
stress fields across narrow interfacial regions exhibits spatial symmetry.  
Examples of such simplified process are provided by a one-component melts (Fig. 1(a)) 
or two component immiscible blends of homopolymers (Fig. 1(b)), confined in a channel 
between two planar walls. At an initial time, the melt or blend phases are equilibrated 
with solid-liquid interfaces adjacent and parallel to each wall. In the blend case, there is 
also a liquid-liquid interface separating the two coexisting equilibrium phases, which is 
parallel and centered midway between the two walls. The two walls are then sheared at 
constant, but opposite velocities, until nonequilibrium steady-state is reached. The 
objective is to study the coupled time evolution and the steady-state profiles of 
composition, density, velocity, chain deformation, stress, viscosity and normal stress 
within layers across the sheared channel.  
These are relatively simple examples of interfacial dynamics in polymer processing, 
that have been studied both experimentally, and using a variety of models and simulation 
methods. Experimentally, it is known that at low shear rates such systems exhibit 
translational invariance with in planes parallel to the walls, though at high shear rates 
instabilities generated at the solid-liquid interface may break this symmetry [6]. Such 
symmetry allows using a quasi-one-dimensional (quasi-1D) spatial grid in a 
computational model for these processes at low shear rates, thus greatly reducing the 
computational cost.  
Two-component immiscible homopolymer blends in a sheared planar channel exhibit a 
characteristic velocity slip and reduction of the shear viscosity at the liquid-liquid 
interface. This phenomenon has been first predicted based on scaling arguments by de 
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 Gennes and co-workers [7,8]. More recently, Goveas and Fredrickson [9] analyzed this 
phenomenon in symmetric, unentangled polymer blends, using numerical solutions of 
approximate constitutive equations for the evolution of composition and the deviatoric 
stress. Subsequently, Barsky and Robbins published a very detailed molecular dynamics 
study of interfacial slip in symmetric, unentangled polymer blends [10] and related it to 
the chain conformation at the sheared interface [11]. Most recently, similar velocity slip 
phenomena have been observed experimentally [12-14], though the bulk phases of the 
observed polymer fluids were in the entangled regime.  
In a preceding paper [15], we presented a general, three-dimensional formulation of a 
dynamic self-consistent field (DSCF) lattice theory that is capable of modeling interfacial 
dynamics in inhomogeneous, compressible polymer fluids composed of unentangled 
homopolymer chains in a sheared channel. Self-consistent field (SCF) theories 
approximate the configurational probability for a many-body system with a product of 
one-body probabilities for each system constituent, interacting solely with a conjugate 
mean external field. For simple fluids, the constituents are atoms or molecules, and the 
mean external field represents interactions with other atoms or molecules and walls, 
averaged over their one-body probability distributions. Polymer fluids include 
macromolecules that are approximated as freely jointed chains of Kuhn segments. Thus 
Kuhn segments, rather than entire macromolecules are the basic constituents in polymer 
SCF theory. The latter approximates the joint configurational probability for all the Kuhn 
segments by a product of one-body probabilities for “free” (unconnected) segments in a 
self-consistent mean field representing interactions with adjacent segments. These 
interactions are averaged not over the one-body free segment probabilities at the adjacent 
 6
 sites, but rather over local segmental volume fractions at those adjacent sites, which 
account for intrachain correlations between segments belonging to the same chain. In a 
homogeneous polymer melt at equilibrium, the chains are considered ideal 
(noninteracting), and are modeled by isotropic random walks on a lattice. In 
inhomogeneous polymer melts and blends at equilibrium, chain conformations are 
modeled as anisotropic lattice random walks in a self-consistent field [16]. 
Mean-field theories for simple fluids at equilibrium determine the composition of 
interfacial regions by balancing the molecular interaction contribution to the free energy 
(modeled by a self-consistent field potential acting on each molecule) with the entropy of 
mixing. Minimization of the free energy determines the steep variation of the 
compositional profile across the interface. Its width typically extends over only a few 
molecular diameters. Equilibrium polymer SCF theories account, in addition, for the 
entropic contributions to the free energy arising from intrachain correlations, and for the 
enhanced probability for the occurrence of certain chain conformations which are favored 
by the self-consistent field representing the interactions with adjacent segments and walls 
[16].  
As in equilibrium SCF approaches, our DSCF theory approximates the configurational 
probability for all segments in the system by the product of one-body free segment 
probabilities interacting with a self-consistent mean field representing connected 
segments and walls. However, in DSCF both the one-body free segment probabilities and 
the local self-consistent fields are functions of time. DSCF models the effect of 
nonuniform flow on ideal chain conformations with the FENE-P dumbbell model for the 
time evolution of the conformation tensor (the second moment of the chain end-to-end 
 7
 distance), and relates it to the (conditional) stepping probabilities in the lattice random 
walks representing the chain conformations. Free segment and stepping probabilities 
generate statistical weights for chain conformations in a self-consistent mean potential 
field, and determine the local volume fractions of connected segments. Flux balance 
across a unit lattice cell yields mean-field transport equations for free segment 
probabilities and momentum densities, determining their time evolution. Diffusive and 
viscous contributions to the fluxes arise from segmental hops modeled as a Markov 
process. Hopping transition rates depend on the changes in the free energy, reflecting 
segmental interactions, kinetic energy, and entropic contributions accounting for chain 
deformation under flow. The DSCF theory results in a system of ordinary differential 
equations (ODEs) evolving a set of independent variables defined at the sites of a face-
centered cubic (FCC) lattice. The independent variables include the free segment 
probabilities for each segmental species, the mass-averaged momentum density, and the 
ideal-chain conformation tensors for each of the chain species. Other physical quantities 
needed for analyzing the evolving interfacial structure, velocity field, rheology, and the 
statistics of chain conformations can be expressed as functions of these independent 
variables. A detailed three-dimensional formulation of the DSCF theory, complete with 
physical reasoning for each of its components and a discussion of their relation to prior 
work, can be found in the preceding paper [15].  
In this paper we present the first application of our DSCF theory to study interfacial 
structure, velocity and rheology in one-component melts and in phase-separated, two-
component blends, sheared between two planar walls. To reduce the computational cost, 
we focus on polymer fluids exhibiting translational invariance throughout the shearing 
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 process. The remainder of the present paper is structured as follows. In Section II we 
present a simplified, quasi-one-dimensional (quasi-1D) version of the DSCF evolution 
equations for free segment probabilities, momentum densities, and the ideal-chain 
conformation tensors, obtained from the general DSCF theory formulated in the 
preceding paper [15] under the simplifying assumption of translational invariance within 
layers parallel to the shear walls. In the next two sections we present numerical solutions 
of the quasi-1D DSCF equations, and use these solutions to analyze both the transient 
evolution and the steady-state profiles of the segmental volume fractions, velocity field, 
shear stress, chain deformation by flow, and first normal stress difference across the 
channel. In Section III we use the quasi-1D DSCF solutions to study a one-component 
melt of unentangled homopolymer chains in a channel between two sheared planar walls. 
In Section IV we use the quasi-1D DSCF equations to study a phase-separated, two-
component blend of unentangled homopolymer chains in a sheared planar channel. Good 
qualitative agreement is obtained with previously observed phenomena, such as chain 
depletion next to the walls and interfaces, and the associated velocity slip and reduced 
viscosity in interfacial regions. Conclusions and perspectives for further application, 
validation and extension of our new DSCF theory are presented in Section V.  
 
II. DSCF EVOLUTION EQUATIONS WITH PLANAR SYMMETRY 
In this paper we apply the DSCF theory to unentangled polymer fluids in a channel 
between two sheared planar walls (Figs. 1(a) and 1(b)). As in the preceding paper [15], 
polymer chains are modeled as freely jointed Kuhn segments of length a , and it is 
assumed that the Kuhn segments are confined to Wigner-Seitz cells of an FCC lattice 
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 (Fig. 1(c)) with its lattice constant being the Kuhn length. However, here we focus on 
systems that are invariant under translations in the xy-plane, such as one component melts 
(Fig. 1(a)) and two-component phase-separated blends (Fig. 1(b)), with planar interfaces 
parallel to the walls. This means that all quantities at sites r  belonging to the same 
triangular lattice layer i parallel to the walls are identical (Fig. 1). The spatial 
computational grid for such a layered system is one-dimensional, and we now proceed to 
simplify considerably the DSCF equations presented in the preceding paper [15], by 
taking advantage of this translational symmetry.  
Let iP
α  be the one-body probability for a free (disconnected) Kuhn segment of type α  
to occupy a site in layer i  ( , where 1, 2, ,i L= … L  is the number of lattice layers between 
the two walls in Fig. 1). For a one-component melt consisting of homopolymers of type 
A , Aα = , while for a blend consisting of two homopolymer components A  and B , 
Aα =  or B . Conformations of interacting chains are modeled by lattice random walks in 
a self-consistent field. The segmental volume fraction of type-α segments at a site in 
layer i  that belongs to a chain of Nα  freely jointed Kuhn segments, interacting with 
walls and other chains, is [16] 
 ( )
( ) ( )
( )1
1N i i
s i
P s P N sL
PN P N
α α α αα
αα α α
φ
= 1
i
αφ − += ∑∑ r
r
 (1) 
where ( )iP sα  are statistical weights for finding a terminus of an α -type chain of  
freely jointed Kuhn segments, given by the one-dimensional master equation 
s
 ( ) ( ) ( ) ( ) ( ), 1 1 0, , 1 11i i i i i i i iP s P P s P s P sα α α α α α α αλ λ λ+ − − − + +⎡ ⎤= + +⎣ ⎦ , (2) 
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 for 2,3, ,s Nα= …  and ( ) ( )1 / 1 A Ai i iP P P Pα α= − − i  is the statistical weight for a free 
Kuhn segment (monomer). In Eq. (1), αφ  is the average volume fraction of species α  in 
the system and in Eq. (2), ,i
αλ±  is the stepping probability from a site in layer i  to an 
adjacent site in layer  in a lattice random walk representing the conformation of an 
ideal chain of type 
1i ±
α , whereas 0,iαλ  is the stepping probability from a site in layer  to an 
adjacent site in the same layer. In the notation of Ref. [15],  
i
 ( )1 2 3 7 8 90, , , , , , , , ,2      and        i i iα α α α α α α α αλ λ λ λ λ λ λ λ λ+ −= + + = + + =a r a r a r a r a r a r , (3) 
where the site  belongs to layer i , and r ,k
αλa r  is the conditional probability for placing 
the next segment at one of the sites site k+r a  ( 1, 2, ,12k = … ), that are adjacent to  on 
the FCC lattice in the lattice random walk generating a chain conformation. As in [15], 
we assume a reflection symmetry: 
r
, ,l k
α αλ λ=a r a r k if l = −a a . The three layer stepping 
probabilities are related linearly to the components of conformation tensor i
αS  for ideal 
chains under flow:  
 ( ) ( ) ( )2 2 31 1 10, , , , , , ,2 41 1    and      i xx i yy i zz i i iN a N aS S S Sα αα α α α α αλ λ− +− −= + − = = zz iαλ . (4) 
where i
αS  evolves in time according to the FENE-P dumbbell model,  
 
( )
( )
2
2  
3
, 1
11
1 Tr 3
i
i
db i iN a b
N a
α α
αα
α
α ατ
∇
−
⎡ ⎤−⎢ ⎥= − −⎢ ⎥−⎣ ⎦
SS δ
S

, (5) 
and 
  
i
α∇S  denotes the upper-convected time derivative of the tensor i
αS ,  
 
  
Ti
i i i i i it
α
α α α∇ ∂≡ + ⋅∇ −∇ ⋅ − ⋅∇∂
SS u S u S S i
α u . (6) 
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 Here  is the local relaxation time for a Hookean 
dumbbell with the spring constant 
( ) 2, 1 / 24db i i BN N a k Tα α α αατ ζ= − 
( ) 23 / 1Bk T N aα α⎡ ⎤−⎣ ⎦ , modeling ideal chains of type α , 
and , where a cα α= a ( )3 /c b bα αα = + . The latter relations fine-tunes the spring 
constant used in the FENE-P model, so that the diagonal components of i
αS  obtained 
from the equilibrium solution of Eq. (6) revert to the known equilibrium value 
 for the diagonal components of ( ) 21 /N aα − 3 iαS  for a chain consisting of Nα  Kuhn 
segments, joined together by 1Nα −  freely jointed links, of length  each. This 
reproduces isotropic ,equilibrium stepping probabilities 
a
1
, 12k i
αλ =a  for stepping along any 
of the twelve unit vectors  connecting between a site in layer i  and its nearest 
neighbors on the FCC lattice, as is assumed in the equilibrium SCF theory of Scheutjens 
and Fleer [17] and its compressible variants [18-20]. In this case Eqs. (1) and (2) are 
identical to those provided by a compressible variant [20] of the Scheutjens-Fleer SCF 
theory. For isothermal polymer fluids subjected to stresses, the free segment probabilities 
ka
iP
α  and the local momentum densities i
αg  of species α evolve according to the one 
dimensional transport equations 
 ( ) 1 32 / 3i ii idP Pdt a
α α
α −⎛ ⎞− iα= −∇⋅ − ⋅⎜ ⎟⎝ ⎠
j ju e , (7) 
and  
 ( ) (1 3 , 1 , 12 / 3i i i ii i i i i i i i ii
d
dt wPa
α α α α
α α α α α α
α
φ ζ ζ− )1+ − −⎛ ⎞−= −∇⋅ + − ⋅ − +⎜ ⎟⎝ ⎠
g π πg u ε e j j . (8) 
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 Eqs. (7) and (8) are the one-dimensional versions of the general DSCF transport Eqs. 
(28) and (57) in [15], simplified using the translational symmetry within xy-layers. They 
can be also obtained independently, by balancing free segment probability and 
momentum density fluxes over a control volume of 3 / 2w a= consisting of a 
rectangular lattice unit cell. The coefficient , 1 1i i i i
α α αζ ζ ζ+ +=  is the geometric average of 
the local segmental friction coefficients in layers  and i 1i +  obeying Doolitles’ law 
[15,21], and /i iw im
α α α
α α φ= ∑ ∑u g  (where mα  is the segmental mass of species α ) is 
the mass-averaged velocity at a site in layer . The diffusive free segment probability 
current and the viscous stress are given by  
i
 
( )( ) ( )
( ) ( )
, 12
1,1 ,3
3
1 1
3 1 1
1
                 1 1
i i
i i i L
i i
i i i i
B B
D
P P
k T k T a
α
α
α α
α α
δ δ φ
φ ϕ φ ϕ
+
+
+ +
= − − −
⎡ ⎤⎛ ⎞ ⎛ ⎞∆ ∆⎢ ⎥⎜ ⎟ ⎜ ⎟× − − − −⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
j
eH H
 (9) 
and  
 
( )( ) ( )
( ) ( )
, 12
1 ,3
3
1
3 1 1
1
                 1 1 .
i i
i i i L
i i
i i i i i
B Bk T k T a
α
α
α α
α α α α
νδ δ φ
φ ϕ φ ϕ
+
+
+ +
= − − −
⎡ ⎤⎛ ⎞ ⎛ ⎞∆ ∆⎢ ⎥⎜ ⎟ ⎜ ⎟× − − − −⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
π
eg g
H H
 (10) 
Here the locally averaged self-diffusivity and kinematic viscosity of species α  are 
given by  
 ( )
2
, 1
, 1 , 1
, 1
     and      
24 3
i iB
i i i i
i i
N a bk TD
N m b
α α α
α α
α α α α
ζνζ
+
+ +
+
= = + , (11) 
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 respectively, where  is the finite extensibility parameter in the FENE-P 
dumbbell model for polymer chains. In Eqs. (3) and (4), the function 
(3b Nα α= − )1
ϕ  is a transition 
rate function satisfying local detailed balance, and 1i i i
α α
+∆ = −H H H α  is the change 
in the free energy caused by a segment of species α  hopping from a site in layer  to an 
adjacent vacant site in layer . The local contribution to the free energy of a segment 
of species 
i
1i +
α  in layer i  is  
 
( ) ( )
( ) ( )
21 1
12 2
,
2 2
1
3 3           tr ln det .
2 1 1
i B AB i s i iL i i
A B
i B
i i
k T m
k T
N N a N a
α β α
αβ
β
α
α α
α α α
α α
δ χ φ χ δ δ φ
φ
=
⎡ ⎤= − − + +⎢ ⎥⎣ ⎦
⎧ ⎫
α α
⎡ ⎤⎛ ⎞ ⎛⎪ ⎪⎞⎢ ⎥⎜ ⎟ ⎜− − +⎨ ⎬⎜ ⎟ ⎜− − ⎟⎟⎢ ⎥⎪ ⎪⎝ ⎠ ⎝ ⎠⎣ ⎦⎩ ⎭
∑ u
δ S S 
H
 (12) 
The first term on RHS of the equation above accounts for interactions between a pair of 
nearest-neighbor segments of distinct homopolymer components, and vanishes in a one-
component homopolymer melt. It is characterized by the segment-segment interaction 
parameter αβχ , that is closely related to the Flory-Huggins interaction parameter 12 αβχ , 
the latter defined as the energy change (in units of ) due to the transfer of an Bk T α  
segment from a solution of pure α  to a solution of pure β . For segments of the same 
size, it is assumed that 0AA BBχ χ= =  and that AB BAχ χ= . The double angular brackets 
represent summation over all nearest neighbors of a site in layer i   
 ( ) ( )1 13 1 6 3 1i i i i i 1L iβ β β βφ δ φ φ δ φ− += − + + − . (13) 
The second term represents interactions between the segments in the first (or last) layer 
and the solid wall. The wall interaction parameter s
αχ  is defined as the energy change (in 
units of ) due to the transfer in a pure-Bk T α  fluid of an α  segment to a layer adjacent to 
 14
 a wall from a layer further away from the wall. It is a positive for attractive segment-wall 
interactions, and negative for repulsive segment-wall interactions.  
The third term is the kinetic energy contribution arising from the local mean convective 
velocity. The last term depends on the second moment i i i
α α α=S Q Q  of the end-to-end 
distance i
αQ  of an ideal (noninteracting) FENE-P chain deformed by a nonuniform flow 
in a homogeneous fluid, with its center of mass located in layer i . It accounts for the 
contribution to the local free energy due to chain deformations caused by nonuniform 
flows [22].  
In Eq. (8), i
α−ε  is the elastic contribution to the stress tensor, 
 
( ) ( )2 18 3i i ii i i i
N a M M
t
αα α ααα α αφ ζ ∇⎡ ⎤− ⎛ ⎞∂⎢ ⎥= + + ⋅∇⎜ ∂⎢ ⎥⎝ ⎠⎣ ⎦
ε T δ u δ

⎟ , (14) 
where  
 ( ) 2311i N a bM α αα Tr iα α−= − S , (15) 
and  
 
( ) 21
3i i i
N a
M
α
αα α −= −Τ S δ α  (16) 
is the deviatoric chain conformation tensor. Note that Eq. (14) has transient terms that 
vanish at a steady state.  
The evolution equation for the total momentum density is obtained by summing over 
the contributions of the two species, 
 id d
dt dt
i
α
α
=∑g g . (17) 
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 In order to solve the quasi-1D DSCF equations above, one has to prescribe boundary 
conditions for ig  (or equivalently, for i/i i ρ=u g ) at sites adjoining the walls. A 
connected segment of type α  occupies a site in a layer  adjacent to a wall (  or 
) with probability 
i 1i =
i L= iαφ . If this happens, we assume that the connected segment 
acquires the velocity of the adjacent wall. Therefore, for the geometry specified in Figs. 1 
and 2, the mass-averaged mean velocity at the sites next to the walls is set to 
 1 1 1,       .w L Lu
α
α α
φ= − = 1wuαφ∑ ∑u e u e  (18) 
Eqs. (5), (7) and (8) constitute a closed system of nonlinear ordinary differential 
equations of the form  
 ( )= ⎡ ⎤⎣ ⎦X F X, Y X  (19) 
where { }
1, ,
, ,i i i iP
αα α α
==X g S … L , and the auxiliary function ( )Y X  is defined by Eqs. (1)-
(4) and (9)-(16). All other physical quantities of interest in our DSCF simulations are 
expressed as functions of the independent variables . We assume that polymer fluid is 
confined between two parallel solid walls, normal to the z-axis in a Cartesian system of 
coordinates, defined by a triad of unit vectors 
X
( )1 1,0,0=e , ( )2 0,1,0=e  and , 
as shown in Fig. 1. The two walls are moving at opposite, but constant velocities . 
The positive sign corresponds to the wall at 
( )3 0,0,1=e
1wu± e
( )1 2 3z L a= + , that is adjacent to the top 
layer i  at L= 2 3Lz L= a . The negative sign corresponds to the wall at , that is 
adjacent to the bottom layer  at 
0z =
1i = 1 2 3z a= . This results in a nominal shear rate for 
the two walls of ( )2 1 2wu L aγ ⎡ ⎤= +⎣ ⎦ 3 .  
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III. ONE-COMPONENT MELTS  
A. Simulation Set Up and Parameter Estimation 
As the first application of the DSCF theory, we have studied the morphology and 
rheology of unentangled homopolymer melts consisting of a single component A in a 
sheared planar channel between two solid walls (see Fig. 1(a)). The DSCF model 
captures such steady-state effects as the depletion of polymer chains, and the velocity 
slip, in the vicinity of the solid walls. It also allows the examination of the time evolution 
of velocity, stress and chain conformation tensors, as momentum propagates from the 
walls at the onset of shear, and after the shear is stopped.  
We assume that the homopolymer chains in the melt are linear and unentangled. 
Furthermore, we assume that the melt stays invariant under translations in directions 
parallel to the walls, and is kept isothermal and isobaric at temperature  and 
atmospheric pressure. Each homopolymer chain is modeled by 
509 KT = D
Nα  freely jointed Kuhn 
segments. For the Kuhn segment length, we adopted the value  used by Li and 
Ruckenstein [23] in their equilibrium SCF study of polyethylene chains. The lattice 
constant of the FCC lattice used in our DSCF model is assigned the value of the Kuhn 
length cited above. The molecular weight of a homopolymer melt is assumed to be below 
the entanglement molecular weight, 
o
4.6 Aa =
eM M< . This restricts the number of Kuhn 
segments in a homopolymer chain to eN N
α < , where  is the number of Kuhn 
segments at the between entanglements. The value of  has been controversial. 
Estimates in the literature [24] vary between 35 and 75. Since the present form of our 
eN
eN
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 DSCF model is limited to unentangled fluids, we conservatively limited the number of 
Kuhn segments in the homopolymer chains to 32Nα ≤ , which is below the lower bound 
for  cited above.  eN
We used the Stokes-Einstein relation to determine the segmental friction coefficient 
from the value of the self-diffusion coefficient for an equilibrium polyethylene melt at the 
same temperature and pressure, obtained by Paul et al [25] from molecular dynamics 
(MD) simulations and neutron spin-echo spectroscopy. The free volume in the bulk of the 
melt is estimated from the difference between the densities of polyethylene at  
and at the glass transition temperature, 
509T K=
263gT K= , both at atmospheric pressure. This 
leads to the estimate of the free volume fraction in the bulk phase of polyethylene melt at 
 and atmospheric pressure being 509T = K 0 1 0.150φ φ= − = , where 0.850φ =  is the 
volume fraction of polymer chains.  
The quasi-1D DSCF theory is first used to equilibrate a homopolymer melt between 
static planar walls by solving the evolution equations with 0Ai i= =g u  at each layer, 
using the equilibrium layer stepping probabilities 10, 2
A
iλ =  and 1, 4Aiλ± = . The equilibration 
run was always started from the homogeneous bulk phase values for polyethylene melt at 
 and atmospheric pressure. The results of the equilibration run provided the 
initial values for solving the quasi-1D DSCF evolution equations in a channel between 
two planar walls that are sheared at a constant nominal shear rate 
509T = K
γ  until we reached a 
nonequilibrium steady state. The procedure was iterated for a number of different values 
of γ  and Nα . To investigate relaxation of the nonequilibrium steady state back to 
thermodynamic equilibrium, in some instances we furthermore used the steady-state 
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 results as initial values for solving the quasi-1D DSCF equations at 0γ = . The DSCF 
results reported below use a system of fundamental units consisting of [ ] Benergy k T= , 
[ ]length a=  and [ ]time τ= , where 2 0/a Dατ =  is the characteristic for a probe 
(unconnected) segment of type α to diffuse a distance , and a 0Dα  is the self-diffusion 
coefficient of the probe segment, related to its friction coefficient 0
αζ  by the Stokes-
Einstein relation 0 /BD k T 0
α αζ= . All the quantities obtained from the DSCF simulations 
reported below, are expressed in these units.  
B. DSCF Simulation Results for Melts 
Fig. 2 shows the steady state segmental volume fraction profiles of the homopolymer 
melt across the channel, obtained at a nominal shear rate 3 11 10γ τ− −= × . The channel 
width is 64 2 3L = a . The linear polymer chains consist of 24AN =  Kuhn segments. It 
is observed that, at this shear rate, the steady state segmental volume fractions do not 
differ noticeably from their equilibrium values. Here we vary the short-range interactions 
between the polymer segments and the solid walls between attractive ( 0sχ > ), neutral 
( 0sχ = ) and repulsive ( 0sχ < ). All three profiles reveal the depletion of polymer 
segmental volume fraction in the layers next to the solid walls, relative to the bulk 
density. The degree of depletion depends on the imposed segment-wall interactions, as 
can be seen in Fig. 2. This depletion is followed by a non-monotonic, oscillatory 
approach towards bulk values, spanning the next few layers. If the system were infinite, 
the bulk values would correspond to the mean total volume fraction of the polymer fluid, 
18.50 10φ −= × . However the bulk densities deviate from φ , due to the finite size effects 
caused by the small separation between the wall and the segment-surface interactions.  
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 Note that if the original equilibrium SCF lattice theory of Scheutjens and Fleer [16] is 
applied to a one component melt at equilibrium between two static walls, the segmental 
volume fraction profile across the channel would be homogeneous, since their theory is 
incompressible. However, similar wall-depletion and finite-size effects are produced by 
compressible variants of Scheutjens and Fleer’s equilibrium SCF theory [18-20]. It is also 
worth noting that a depleted layer adjacent to the wall forms as well in lattice gas models 
of simple liquids consisting of small molecules [26,27], if there is a strong repulsive 
interaction between the wall and the molecules in the adjacent layer. However, wall 
depletion of segmental volume fractions in polymer melts is predominantly caused by an 
entropic, rather than enthalpic effect, as the number of available chain conformations is 
reduced next to the walls. As shown in Fig. 2, wall depletion of segmental volume 
fractions in polymer melts occurs even when the walls are neutral ( 0sχ = ), though it can 
be enhanced by unfavorable wall interactions ( 0sχ < ) and diminished by favorable 
interactions with the wall ( 0sχ > ). The oscillatory decay of the depletion at increasing 
distances from the wall can be attributed to intrachain correlations between the segments.  
Fig. 3 displays the time evolution of the x-component of the velocity profile, across the 
channel, obtained at a nominal shear rate 5 11 10γ τ− −= × . Note that we use a logarithmic 
time scale. The chain length is 24Nα = , and the walls are neutral ( sχ =0). The initial 
state of the system (at time ) corresponds to the system being at thermal equilibrium. 
Then, we set the velocities of the upper and lower walls to 
0t =
1wu= ±wu e , respectively. At 
subsequent times, we observe first rapid, non-monotonic propagation of the momentum 
(and, therefore, of the velocity) from the wall, which seems to be oscillatory in time (Fig. 
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 4). This quasi-oscillatory behavior originate from i
α−ε , the elastic contribution to the 
stress (see Eqs. (14) - (16)), and it disappears when the elastic contribution to the stress is 
neglected in the momentum evolution equations. In a continuum PDE model of a sheared 
incompressible non-Newtonian fluid [28], a similar elastic contribution to the stress 
introduces a term of hyperbolic nature into the momentum evolution, giving rise to shock 
waves which are smeared and dampened by the parabolic viscous term. It is known that 
smearing of shock wave solutions to hyperbolic partial differential equations is enhanced 
by finite difference approximations of the type that we used here [29]. Hence it is 
possible that what seems as dampened oscillations in Figs. 3 and 4 should be interpreted 
as propagation of smeared shocked waves, which are reflected back and forth between 
the opposite walls.  
At a longer time scale, these smeared shock waves or oscillations are damped out by 
the parabolic viscous term in the momentum transport equation (Eq. (8)), giving rise to a 
Couette-like steady state velocity profile. This profile is linear across the channel, except 
near the walls, where we observe a noticeable velocity slip. We note that velocity slip can 
be observed even in DSCF simulations of simple liquids of small molecules in a sheared 
capillary if there is a strong unfavorable interaction between the molecules and the walls 
that leads to a depletion layer at the walls [26,27]. Such velocity slip effects have been 
known since Tolstoi’s pioneering observations [30] on capillary flow of water in 
hydrophobic micro-capillaries, and have been discussed extensively in the literature [31-
33]. We believe that, in the case of polymer melts, the velocity slip at the wall (Figs. 3 
and 4) is also caused by the depletion of the segmental volume fraction near the walls, as 
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 seen in Fig. 2, though in this case the depletion is dominated by the chain entropy effects 
mentioned above.  
In Fig. 4 we focus on the lattice layer located at the lower quarter of the channel and 
show the development of velocity at this layer. One can notice that, at small times, the 
velocity at the layer is equal to 0. At 110t τ−≈  to 13 10t τ−≈ ×  it exhibits a slight 
undershoot, which may not be physical, but is rather an artifact of our finite-difference 
approximation to a partial differential equation of hyperbolic nature [29]. After this time, 
the smeared velocity shocked wave is reflected back and forth between the two channel 
walls, with the amplitude dampened by the viscous parabolic term. Finally, around 
22 10t τ≈ ×  the shock waves or oscillations are completely dampened out, and the 
velocity acquires its steady state profile across the channel. Fig. 5 depicts the wave-like 
propagation of the velocity and its overshoot, across the channel, as it approaches the 
steady state. Mochimaru [28] studied the effect of elasticity on the unsteady-state 
development of plane Couette flow, using a constitutive equation for the FENE-P 
dumbbells. His results suggest that both the shear stress and velocity overshoot. This 
overshooting becomes more pronounced with increasing transient elasticity of the model 
fluid.  
The time evolution of the shear stress, in a layer at the lower quarter-channel, is shown 
in Fig. 6. The chain length is 24AN =  and the walls are assumed to be neutral ( 0sχ = ). 
The system is first equilibrated and then subjected to a steady shear flow (at a nominal 
shear rate 5 11 10γ τ− −= × ). Fig. 6(a) shows the development of the shear stress, at the 
layer located at the lower quarter of the channel, after the onset of shear. Until around 
17 10t τ−≈ ×  the velocity has not propagated to this layer yet, and the shear stress is equal 
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 to 0. After this time, a slight undershoot develops in the shear stress before it starts rising. 
However, as explained above, this behavior could be an artifact arising from the well-
known limitations of finite-difference approximation schemes for partial differential 
equation of hyperbolic nature [29], and if so, it should be disregarded. From this time on, 
the shear stress develops in the manner a smeared shock-wave with decaying amplitude. 
This is related to the shock-wave-like velocity propagation (Figs. 3 – 5). In the course of 
time, these shock waves are dampened out by the parabolic viscous term, and the shear 
stress reaches its steady state value. This steady state system represents the initial state of 
the system for a consecutive simulation in which the shearing is stopped and the system 
is allowed to relax. Fig. 6(b) displays this stress relaxation of the system. The shear stress 
initially retains its steady state value until velocity at the layer starts to decay. The 
overshoot observed at 17 10t τ−≈ ×  to 02 10t τ≈ ×  could be just an artifact of the finite-
difference approximation. After this time, the shear stress decays in the fashion of a 
smeared shock wave, with the amplitude of the shock waves being damped viscously, 
until it vanishes.  
The extent to which an ideal (noninteracting) polymer chain is stretched under a 
nonuniform flow velocity field can be quantified by calculating the eigenvalues of the 
tensor of the second moment of the end-to-end vector. The three eigenvalues quantify 
stretching along three principle axes of this tensor. Fig. 7 displays the time evolution, at a 
mid-channel layer, of the (a) largest, (b) intermediate and (c) smallest eigenvalues, 
normalized by their equilibrium values. The chain length is 24mN =  and the walls are 
neutral ( 0sχ = ). The system undergoes a simple shear flow (at a nominal shear rate 
5 11 10γ τ− −= × ). At this shear rate, the stretching of the chain is very small. However, it 
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 still can be noticed that, similarly to the time evolution of the flow velocity, both the 
highest and smallest eigenvalues seem to converge toward their steady state values in a 
non-monotonic, oscillatory fashion.  
Fig. 8(a) displays the time evolution of the first normal stress difference, obtained at 
5 11 10γ τ− −= × . The walls are again assumed to be neutral ( 0sχ = ). The first normal 
stress difference is defined by 1 xx zzN σ σ= −  and its positive value indicates that there is 
a higher degree of orientation in the flow direction (the -direction) than in the direction 
of the velocity gradient (the -direction). The four different curves in Fig. 8(a) 
correspond to four different chain lengths 
x
z
AN =  8, 16, 24 and 32, showing the 
dependence of  on the chain length. The time-dependent growth of  upon start-up 
of steady shearing also follows a non-monotonic, oscillatory trend, until  converges to 
its steady state value. Fig. 8(b) displays an enlarged view of the rise and decay of these 
oscillations.  
1N 1N
1N
The cross-channel variation of the steady-state profile of the component x zQ Q  of the 
tensor of the second moments of the end-to-end vector of an ideal (noninteracting) chain, 
is shown in Fig. 9. The steady-state profile is obtained at a nominal shear rate 
5 11 10γ τ− −= × . The component x zQ Q  exhibits a higher value at the layers adjacent to 
the walls, relative to the bulk value. In the next few layers, it approaches the bulk value in 
a non-monotonic, oscillatory manner. We stress that Fig. 9 represents the direct effect of 
flow on chain conformations, though if the walls are not neutral, interactions with the 
walls will influence x zQ Q  indirectly. This is because they affect the depletion of 
segmental volume fractions in the vicinity of the walls (as shown in Fig. 2) and segmental 
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 depletion affects the velocity slip in the vicinity of the walls (Figs. 3 and 4). This gives 
rise to large velocity gradients in the FENE-P dumbbell equation used to evolve x zQ Q  
in the vicinity of the walls (Eq. (5)).  
 
IV. PHASE-SEPARATED SYMMETRIC HOMOPOLYMER BLENDS  
A. Simulation Set Up and Parameter Estimation  
As the next application of our DSCF theory, we chose to simulate phase-separated, 
two-component symmetric homopolymer blends in a sheared planar channel. On the one 
hand, this is a more challenging system to model, since it requires resolution of both 
transient and steady-state interfacial dynamics, structure and rheology on the scale of the 
Kuhn length. On the other hand, it gives rise to a characteristic velocity slip and to a 
reduction of interfacial shear viscosity relative to its value in the bulk phases. This 
phenomenon has been first predicted based on scaling arguments by de Gennes and co-
workers [7,8]. More recently, Goveas and Fredrickson [9] analyzed it using numerical 
solutions of approximate constitutive equations for the evolution of composition and the 
deviatoric stress. These were obtained from the Fokker-Plank equation for the Rouse 
model, assuming fluid incompressibility, guessing an approximate form for the noise and 
stretching terms in the stress evolution, and neglecting the higher-order terms. 
Subsequently, Barsky and Robbins published a very detailed molecular dynamics study 
of this phenomenon [10] and related it to the chain conformation at the sheared interface 
[11]. They reported a qualitative agreement with the trends predicted by the theoretical 
studies above, but a significant numerical discrepancy with the results of Goveas and 
Fredrickson [9]. Most recently, similar velocity slip phenomena have been observed 
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 experimentally [12-14], though the bulk phases of the observed polymer fluids were in 
the entangled regime. Hence the steady-state results of the DSCF study of this 
phenomenon, which we report in this section, can be compared with previously published 
results of other theoretical and experimental studies of this phenomenon.  
In our DSCF model for sheared symmetric blends, we used polymer chains consisting 
of identical numbers of freely jointed Kuhn segments below the entanglement length, 
. Similarly to Section III, the Kuhn segment length of both components 
were assumed to be . The glass transition temperatures and the densities of the 
pure one-component A and B melts at  and atmospheric pressure were 
assumed to be identical for both components and their values were chosen to be the same 
as in Section III. The segmental friction coefficients of the two pure one-component A 
and B melts were assumed to be identical as well, and their value was chosen to be the 
same as in Section III. These ideally symmetric blends were first equilibrated in a 
channel between two stationary walls, kept at a constant temperature . This 
was done by integrating the DSCF time-evolution equations using zero wall velocities. 
The equilibration was initialized using a sharp step function profile of the segmental 
volume fraction of the two species across the channel, and resulted in a coexistence of a 
majority-A and a majority-B bulk phases, with a smooth interfacial profiles of the 
segmental volume fractions of the two species across the interface between the two 
phases as shown by the solid lines in Fig. 10. Using equilibrium results as an initial input 
at the time , the DSCF equations are then integrated for  with the top and 
A B
eN N N= <
4.6 Aa = D
509 KT = D
509 KT = D
0t = 0t >
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 bottom wall velocities set to constant but opposite values 1w wu= ±u e , as shown in Fig. 
1(b), thus setting the nominal shear rate to ( )2 / 2 / 3 1wu Lγ a⎡ ⎤= +⎣ ⎦ .  
B. Simulation Results for Immiscible Blends 
Fig. 10 shows the segmental volume fraction profiles of the phase-separated two-
component homopolymer blend, across the channel. The system exhibits coexistence of 
two bulk phases, A and B, and an interfacial region of finite width between them. Phase 
A has a majority of A-type homopolymers and a minority of B-type homopolymers. 
Phase B consists of a majority of B-type chains and a minority of A-type chains. The 
solid lines denote the equilibrium profiles (corresponding to time 0t = ). Upon 
equilibration, the system is sheared at a nominal shear rate 3 11 10γ τ− −= ×  until the steady 
state is achieved. The steady state segmental volume fraction profiles are represented by 
the symbols. At this shear rate, the steady state profiles are not noticeably different from 
the equilibrium profiles. The short-range interactions between the polymer segments and 
the solid walls are neutral ( 0sχ = ). For such interactions, the depletion of polymer 
segments in the vicinity of the wall is quite weak on the scale shown.  
As any mean-field theory, our DSCF model neglects thermal fluctuations. Thus the 
interfacial profile reported in Fig. 10 is an “intrinsic” interfacial profile that neglects 
capillary wave fluctuations. These are expected to broaden significantly the effective 
thickness of the interface between the two phases. Hence, for a quantitative comparison 
of interfacial with experimental observations and with the results of MD and Monte Carlo 
simulations, it is necessary to account for the broadening of the intrinsic profile obtained 
from DSCF by capillary wave fluctuations, using theoretical estimates of their spectrum 
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 [34-37]. We report such a quantitative comparison of DSCF and MD interfacial profiles, 
accounting for capillary wave broadening, in a separate work [38].  
Fig. 11 displays the cross-channel variation of , the x-component of the mass-
averaged steady state velocity, centered about the polymer-polymer interface ( ), 
obtained at a nominal shear rate 
xu
0z =
3 11 10γ τ− −= × . There is a significant upward kink in the 
velocity profile in the interfacial region. This phenomenon, called interfacial velocity 
slip, has been the subject of a number of theoretical [7-9], MD [10] and experimental [12-
14] studies, as surveyed above. It can be quantified by the intercepts of the extrapolation 
of linear portion of the velocity profiles with the velocity axis (determining a velocity 
slip), and with the z-axis normal to the interface (determining a slip length). The velocity 
slip in Fig. 11 is qualitatively very similar to the velocity slip reported in the references 
above. 
The time evolution of the shear stress, obtained at a nominal shear rate 5 11 10γ τ− −= × , 
is shown in Fig. 12. We consider here the development of the shear stress, after the onset 
of steady shear, at three distinct layers: the one next to the lower wall (solid line), the one 
at the lower quarter-channel corresponding to a bulk phase (dotted line), and the layer 
closest to the middle of the interfacial region (dashed line). Since the momentum 
propagates from the walls, the shear stress rises faster at the layer next to the wall, 
relative to the other two layers. At small times ( 010 τ≈ ), it seems that the shear stress 
exhibits a slight undershoot, before rising. This artifact seems unphysical and is perhaps 
related our use of the finite-difference approximations [29]. All three profiles indicate 
that the shear stress develops as a shock wave, with the amplitude decaying due to 
viscous loss. The shock wave is being reflected back and forth by the walls and the 
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 interfacial region. It is well known that simple finite-difference approximation schemes 
tend to smooth out shock waves [29], which thus resemble oscillations in Fig. 12. Note 
that the amplitude of the oscillations is much smaller at the layer in a bulk phase than at 
the other two layers. After a while, these oscillations disappear completely and the shear 
stress achieves its steady state value. Such development of the shear stress is related to 
the non-monotonic velocity propagation of dampened oscillations, or smeared shock-
waves, as was seen in our DSCF simulations of one-component melts as described in 
Section III.  
The local stretching of an ideal (noninteracting) polymer chain by nonuniform flows 
can be quantified by calculating the eigenvalues of the tensor of the second moment of 
the end-to-end vector for ideal chains, with their center of mass located at a particular 
layer. The three eigenvalues measure stretching along the three principle axes of this 
tensor. Fig. 13 shows the variation across the channel of the (a) largest, (b) intermediate, 
and (c) smallest eigenvalues at the steady state, normalized by their equilibrium values. 
The steady state is obtained at a nominal shear rate 3 11 10γ τ− −= × . At this shear rate, 
there is a significant stretching of the chain, especially near the walls and at the polymer-
polymer interface. However, here we consider an ideal (noninteracting) chain and this 
stretching is only due to the nonuniform steady state velocity profile. It does not account 
for segment-segment and segment-wall interactions. These are modeled by the 
interactions of segments with a self-consistent field as they perform random walks 
generating a chain configuration. Though the effects of these interactions are included in 
our DSCF evolution equations, we are not aware of a method to calculate the second 
moment of the end-to-end distance of interacting chains directly from the DSCF 
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 evolution equations. However, the free-segment and stepping probabilities obtained by 
numerical solutions of the DSCF evolution equations can be used to provide transition 
rates for Monte Carlo sampling of the second moment of the end-to-end distance of 
interacting chains. Such Monte-Carlo DSCF calculations have been presented in a 
separate work [38].  
Fig. 14 compares the time evolution of the first normal stress difference  in a bulk 
phase (quarter-channel layer) and at the interface (mid-channel layer), obtained at 
1N
5 11 10γ τ− −= × . These two profiles indicate that the local first normal stress difference  
grows in a non-monotonic, dampened oscillatory fashion, until it converges to the steady 
state value. Again, these dampened oscillations could also be interpreted as dampened 
shock-waves being reflected back and forth between the two walls and the interface, 
smoothed over by the finite-difference approximation scheme to the governing partial 
differential equation, which is of hyperbolic nature [29]. The amplitude of oscillations is 
higher, and decays slower at the interface than in the bulk. At the steady state,  is 
larger in the bulk than at the interface.  
1N
1N
Fig. 15 shows the variation of the local shear viscosity across the interface, calculated 
by dividing the local shear stress, obtained from the local momentum density flux, by the 
local shear rate obtained, from the gradient of the velocity. In this figure, the interface is 
centered about the plane , and the local shear viscosity decreases from the bulk 
values and reaches a minimum as 
0z =
0z =  is approached. Similar decrease in interfacial 
viscosities was reported in studies using the scaling approach [7,8], numerical solutions 
of approximate constitutive equations obtained from the Fokker-Plank equations for the 
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 Rouse model [9], molecular dynamics simulations of bead-spring models [10], and 
experimental studies [12-14].  
 
V. CONCLUSIONS 
We reported here the first application of our novel DSCF lattice theory for unentangled, 
inhomogeneous polymer fluids in a planar, steadily sheared channel. Starting from the 
general three-dimensional DSCF theory presented in the preceding paper [15], simplified 
quasi-one-dimensional DSCF equations were derived for systems exhibiting translational 
invariance within planes parallel to the sheared walls. The quasi-1D DSCF equations 
were then applied to one-component homopolymer melts, and to phase-separated, 
symmetric, two-component homopolymer blends in a planar, steadily sheared channel 
possessing such translational symmetry. The quasi-1D DSCF equations were used to 
calculate the time evolution and the steady-state profiles of composition, density, 
velocity, chain deformation, stress, viscosity and normal stress within layers across the 
sheared channel in sheared melts and blends. Good qualitative agreement is obtained with 
previously observed phenomena, such as chain depletion next to the walls and interfaces, 
and the associated velocity slip and reduced viscosity in interfacial regions of symmetric 
immiscible blends.  
A detailed quantitative comparison of our DSCF approach with molecular dynamics 
simulations of unentangled inhomogeneous polymer fluids is beyond the scope of this 
work. Such quantitative analysis requires conversions between the system of units used in 
the DSCF model and the system of units used in the model used in the MD simulations. It 
also has to account for the effective broadening of the intrinsic interfacial profiles 
 31
 obtained from the mean-field DSCF equations, caused by capillary wave fluctuations [34-
37]. Finally, quantitative analysis of the second-moment of the end-to-end distance of 
interacting chains require Monte Carlo simulations of conformations of single chains as 
random walks in a self-consistent field, where the transition rates for this Markov process 
are provided by the DSCF evolution equations. We have recently succeeded to make such 
a quantitative comparison in a recent collaboration with Wentao Li and Dilip Gersappe 
(SUNY at Stony Brook), who produced the molecular Dynamics simulations. The results, 
which will be reported in a separate publication [38], validate our DSCF method for 
unentangled, inhomogeneous polymer fluids.  
The first applications of the DSCF approach presented here indicate that it may be 
possible to use it to model interfacial dynamics of a rich variety of inhomogeneous fluid 
that were extensively studied at equilibrium using static SCF methods. We intend to 
pursue this goal in subsequent publications.  
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 Figures 
Fig. 1  
Inhomogeneous polymer fluids in a channel between two solid walls sheared along the x-
axis at opposite velocities ( )1,0,0w wu= ±u , with a nominal shear rate γ . Physical 
properties are expected to vary along the z-axis, but stay invariant in layers parallel to the 
walls (dashed lines). Chain conformations are shown as biased random walks (solid white 
lines) in a self-consistent field. (a) A melt of a single species. (b) A phase-separated blend 
of two species A and B, with the interface between the majority-A and majority B species 
that is parallel to the wall and centered at mid-channel. (c). Enlarged view of a site 
(labeled 0) in a triangular lattice layer i on the FCC lattice, surrounded by all its nearest 
neighbors, labeled 1 to 6 in the same layer, 7 to 9 in the triangular lattice layer , and 
10 to 12 in the triangular lattice layer 
1i +
1i − .  
Fig. 2 
Steady state segmental volume fraction profiles of a one-component homopolymer melt, 
across the channel, obtained at a nominal shear rate 3 11 10γ τ− −= × . The polymer chain 
consists of  Kuhn segments. The short-range interactions between the polymer 
segments and the solid walls vary between attractive (
24AN =
0sχ > ), neutral ( 0sχ = ) and 
repulsive ( 0sχ < ).  
Fig. 3 
Time evolution of the velocity profiles across the channel. The initial state of the system 
(at time ) corresponds to the system at equilibrium. At subsequent times, the system 0t =
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 is sheared at a nominal shear rate 51 10  1γ τ− −= × . The walls are neutral ( 0sχ = ), and the 
chain length is 24AN = . 
Fig. 4 
Time evolution of the velocity in the lower quarter-channel, obtained at a nominal shear 
rate 51 10  1γ τ− −= × . The walls are neutral ( 0sχ = ), and the chain length is .  24AN =
 
Fig. 5  
Velocity profiles across the channel, given at selected times and at steady state (denoted 
by the dash-dotted line). The system is sheared at a nominal shear rate 5 11 10  γ τ− −= × . 
The walls are neutral ( 0sχ = ), and the chain length is 24AN = .  
Fig. 6  
Time evolution of the shear stress, at the lower quarter-channel, following: (a) the onset 
of a steady shear, and (b) the secession of the shear. The nominal shear rate is 
51 10  1γ τ− −= × . The walls are neutral ( 0sχ = ), and the chain length is .  24AN =
Fig. 7  
Time evolution of the stretching of an ideal (non-interacting) polymer chain under flow 
(at 51 10  1γ τ− −= × ). The stretching is calculated using the (a) largest, (b) intermediate and 
(c) smallest eigenvalues of the second moment of the end-to-end distance, normalized by 
their values at equilibrium. The walls are neutral ( 0sχ = ), and the chain length is 
.  24AN =
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 Fig. 8  
(a) Time evolution of the first normal stress difference, 1 xx zzN σ σ= − , obtained at a 
nominal shear rate 51 10  1γ τ− −= × . The chain length varies from 8AN =  to . (b) 
An enlarged view of the rise of the first normal stress difference. The walls are neutral 
(
24AN =
0sχ = ). 
Fig. 9  
The x zQ Q  component of the second moment of the end-to-end vector of the FENE-P 
dumbbell across the channel, at steady state. The steady state is achieved at a nominal 
shear rate 51 10  1γ τ− −= × . The walls are neutral ( 0sχ = ), and the chain length is 
. 24AN =
Fig. 10  
Steady state segmental volume fraction profiles of a two-component polymer blend, 
across the channel, obtained at a nominal shear rate -3 -11 10  γ τ= ⋅ . Polymer chains 
consist of  Kuhn segments. The Flory-Huggins interaction parameter is 24A BN N= =
0.55ABχ =  and the walls are neutral ( 0sχ = ). 
Fig. 11  
Steady state velocity profile, centered about the planar interface, of a phase separated, 
two-component polymer blend, obtained at -3 -11 10  γ τ= ⋅ . Polymer chains consist of 
 Kuhn segments. The Flory-Huggins interaction parameter is 24A BN N= = 0.55ABχ = , 
and the walls are neutral ( 0sχ = ).  
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 Fig. 12  
Time evolution of shear stress, at selected layers, obtained at -5 -11 10  γ τ= ⋅ . Polymer 
chains consist of  Kuhn segments. The Flory-Huggins interaction 
parameter is 
24A BN N= =
0.55ABχ =  and the walls are neutral ( 0sχ = ).  
Fig. 13  
Stretching of an ideal (noninteracting) polymer chain at steady state (obtained at 
-3 -110  γ τ= ), across the channel. The stretching is calculated using the (a) largest, (b) 
intermediate and (c) smallest eigenvalues of the second moment of the end-to-end 
distance, normalized by their values at equilibrium. The chain length is . 
The Flory-Huggins interaction parameter is 
24A BN N= =
0.55ABχ =  and the walls are neutral 
( 0sχ = ). 
Fig. 14  
Time evolution of first normal stress difference, in a bulk phase and at the interface. A 
nominal shear rate is -5 -110  γ τ= . The chain length is 24A BN N= = . The Flory-Huggins 
interaction parameter is 0.55ABχ =  and the walls are neutral ( 0sχ = ). 
Fig. 15  
Steady state viscosity profile, centered about the interface, of a phase separated, two-
component polymer blend, obtained at -3 -11 10  γ τ= ⋅ . Polymer chains consist of 
 Kuhn segments. The Flory-Huggins interaction parameter is 24A BN N= = 0.55ABχ =  
and the walls are neutral ( 0sχ = ). 
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